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to drought and defoliation in terms of sexual reproduction and leaf growth, and that can evade grazing due to a lower shoot: root ratio and a higher resource allocation to reserves (starch) in stem bases. Similarly, grazing has selected genotypes that respond better to drought and defoliation in terms of sexual reproduction and that can evade grazing due to a lower digestibility of leaf blades. These results allow us to extend concepts of previous models in plant adaptation to herbivory to models on plant adaptation to drought. The only variable in which we obtained a result opposite to predictions was plant height, as plants from semiarid sites were taller (and with more erect tillers) than plants from subhumid sites; we hypothesize that this result might have been a consequence of the selection exerted by the high solar radiation and soil temperatures of semiarid sites. In addition, our work allows for the prediction of the effects of dry or wet growing seasons on the performance of T. crinita plants. Our results suggest that we can rely on dry environments for selecting grazing-resistant genotypes and on high grazing pressure history environments for selecting drought-resistant ones.
Introduction
Aridity and grazing are probably the selective forces with the most influential effects on the evolution of grasses, as suggested by paleontological records showing the synchronized advent of the Poaceae family, the first grazers, and increasing aridity conditions (Stebbins 1981 , Coughenour 1985 , Milchunas et al. 1988 . It has been hypothesized that aridity and grazing have been convergent selective pressures on grasses, each one of them selecting at the same time for higher drought and grazing resistances (Coughenour 1985 , Milchunas et al. 1988 ). This convergence would be explained because both aridity and grazing regularly produce partial or Manuscript received 14 April 2009; revised 9 September total loss of plant tissues (Orians and Solbrig 1977, Mooney and Gulmon 1982) . Therefore, traits selected under drought would be useful to cope with grazing, and vice versa. Among these characteristics, the most relevant are low plant height, tissue toughness, resource allocation to reserves, opportunistic activation of growth points, and regrowth ability after damage (Coughenour 1985 , Milchunas et al. 1988 . Moreover, Milchunas and Lauenroth (1993) and Adler et al. (2004) (Coughenour 1985 , Briske 1991 , Mauricio et al. 1997 , Kotanen and Bergelson 2000 , Adler et al. 2004 from 17?C to 20?C (Morello et al. 1985) , and an east west precipitation gradient of 600 mm to 300 mm (Cabido et al. 1993 , Blanco et al. 2008 Aristida, and Setaria genera (Ragonese and Castiglioni 1970 , Anderson et al. 1980 , Morello et al. 1985 . As precipitation increases from 300 to 600 mm, the cover of trees increases from 11% to 26%, that of the herbaceous layer from 20% to 49%, and the cover of shrubs remains almost constant, going from 63% to 59% (Cabido et al. 1993 ). Although we can refer to sites on the extremes of the precipitation gradient as relatively "mesic" or "xeric" (Cabido et al. 1993) , we refer to them as "sub humid" or "semiarid" for consistency with Milchunas et al. (1988) . 
Study species
Trichloris crinita is one of the most important forage species not only in the Arid Chaco region (Anderson et al. 1980 , Anderson 1983 , Dalmasso 1994 , Blanco and Orionte 2003 , but also in the rest of Chaco, and in the adjacent Monte and Caldenal phytogeographic prov inces (Sal 1989 , Dalmasso 1994 , Greco and Cavagnaro 2002 cence sitting on one erect, 30-100 cm long boot (Nicora and Rugolo de Agrasar 1987) . The reproductive biology of the species is not well known; some studies suggest that it would be selfing or apomictic (Sal 1989, Greco and Cavagnaro 2002) , while others suggest some degree of outcrossing (Pezzani and Montana 2006 Resistance to a given stress was studied in genetically related individuals (see Mauricio et al. 1997 To quantify shoot: root ratio we divided aerial biomass (stems + leaf sheaths + leaf blades + inflores cences) by the underground biomass (roots) harvested at the end of the experiment. We measured plant height from soil to the uppermost portion of a totally expanded leaf (Painter et al. 1993) , leaving the plant in its natural position. Littell et al. 1996 , Gil 2001 . Analyses were performed considering the split plot design in randomized complete blocks, with factorial structure in main plots (aridity history X grazing history) and subplots (drought X defoliation) (Littell et al. 1996 ; Fig. 1 ). In general, drought decreased (P < 0.0001) but defoliation increased (P < 0.0001) the number of inflorescences.
However, significant effects of the inter actions aridity history X drought X defoliation (P = 0.0212) and grazing history X drought X defoliation (P = 0.0118; f Variable \n(x + l)-transformed for analysis, due to lack of normality. % Variable analyzed using initial number of live tillers as covariate (P < 0.0001).
In non-defoliated plants, we found significant inter active effects of aridity history X drought (P = 0.0002) and grazing history X drought (P < 0.0001). Aridity history X drought interaction showed, consistent with prediction 1 .a in Table 1 , that plants from semiarid sites decreased less their inflorescence production by drought than plants from subhumid sites ( Fig. 2A) . Also, grazing history X drought showed, consistent with prediction l.b ( [defoliated]) on the number of inflorescences of plants with different aridity (subhumid sites or semiarid sites) and grazing history (lightly grazed sites or heavily grazed sites): (A) aridity history x drought interaction (P = 0.0002); (B) grazing history x drought interaction (P < 0.0001); (C) aridity history x defoliation interaction (P < 0.0001); (D) grazing history x defoliation interaction (P < 0.0001). P values were obtained by using the SLICE statement (Littell et al. 1996 , Herrera 2000 to enter within control level of factors defoliation (panels A and B) or drought (panels C and D) of significant triple interactions (aridity history x drought x defoliation, grazing history x drought x defoliation; there was a significant triple interaction aridity history X drought X defoliation (P = 0.0366; decline in leaf elongation rate due to drought than those from subhumid sites (aridity history X drought; P < 0.0001; Fig. 3A ). On the other hand, consistent with prediction 2.a (Table 1) , we found that well-watered plants from semiarid sites increased leaf elongation rate in response to defoliation, while plants from subhumid sites decreased it (aridity history X defoliation; P = 0.0080; Fig. 3B ). Drought caused a decrease of 29% in leaf appearance rate and of 24% in the number of live tillers (P < 0.0001 in both cases; Table 2 ). Defoliation, instead, increased leaf appearance rate by 14% (P = 0.0036; Fig. 4A ) and the number of live tillers by 12% (P = 0.0120; Fig. 4B ).
None of the interactions of interest had a significant effect on these variables.
Plants subjected to drought had 37% lower total biomass (P < 0.0001; Table 2 ) than well watered plants (52.2Vs. 83.0 g/plant, respectively). However, defoliation did not change total biomass (averaging both watering levels, defoliated plants were 65.7 g/plant and non defoliated plants were 69.5 g/plant). None of interactions of interest had significant effect on total biomass.
Grazing avoidance
Consistent with prediction 2.d (Table 1) , plants from heavily grazed sites showed lower leaf blade digestibility than plants from lightly grazed sites (P = 0.0149; Table   3 ). Despite the fact that green blades presented higher digestibility than senesced blades (tissue type; P < 0.0001), difference in digestibility between plants with different grazing history was consistent in both blade classes (grazing history X tissue type, P = 0.3237; Fig.   5A ).
Starch concentration at the end of the experiment was affected by aridity history of plants (P = 0.0149), but not by grazing history (Table 3) . We detected significant aridity history X tissue type interaction (P = 0.0129), and [defoliated]; P = 0.0036) effects on leaf appearance rate. Drought X defoliation interaction was not significant (P = 0.7001).
Drought (P < 0.0001) and defoliation (P = 0.0120) effects on number of live tillers. Drought X defoliation interaction was not significant (P = 0. 4959). Means ? SE are presented. concentration in stem bases and roots did not change with aridity or grazing history of plants and was significantly higher in stem bases than in roots (0.76% vs. 0.26%, respectively; P < 0.0001; Table 3 ).
Consistent with prediction 2.c (Table 1) , plants from semiarid sites presented lower shoot: root ratio (P = 0.0171; Table 3 ) than plants from subhumid sites (Fig.  5C ). However, opposite to prediction 2.c (Table 1) , plants from semiarid sites showed higher plant height than plants from subhumid sites (P < 0.0001; Table 3 ; Fig. 5D ).
Discussion
This study is, to the best of our knowledge, the first (Table 4) . As all these results were obtained in a common garden experiment, they can be attributed to genetic differences between plants from different origins (Wu and Jain 1978). The amount of variables showing higher plant drought and grazing resistance, increased with the aridity and grazing pressure at the site of origin. Plants from semiarid and heavily grazed site showed the highest number of variables related to drought and grazing resistance, while plants from subhumid and lightly grazed site showed the opposite pattern (Table  4) . In our study, aridity seems to be more important than grazing history as a determinant of the number of Table  1 ; those shown in panels (B) and (C) were consistent with prediction 2.c from Table  1 , and those shown in panel (D) were opposite to prediction 2.c in Table  1 . Means + SE are presented.
high grazing pressure history were shorter, and then more able to evade grazing, than those from communi ties with low grazing pressure history. Also, they found that within communities subjected to high grazing pressure history, plants from arid sites had tissues with lower nutritional quality than plants from subhumid sites (Adler et al. 2004 ). However, none of these studies assessed the differences in response to drought and and seed biomass production in the absence of it (Fig.   2D ). This pattern not only was repeated for the response to defoliation/no defoliation of plants from semiarid vs. subhumid sites (Fig. 2C ), but also for the response to drought/no drought of plants from semiarid vs. subhu mid ( Fig. 2A) Plants from semiarid sites also had higher leaf elongation rates in response to drought and defoliation than plants from subhumid sites (Fig. 3A, B (McNaughton 1979 , Coughenour 1985 , Milchunas et al. 1988 , Fernandez and Reynolds 2000 . Plants of different origins also differed in variables related to grazing avoidance. Plants from heavily grazed sites showed lower leaf blade digestibility than plants from lightly grazed sites (Fig. 5A) . Plants with lower leaf blade digestibility would have a comparative advantage in environments where herbivores are abundant, because they selectively consume high quality tissues (Mooney and Gulmon 1982, Coughenour 1985) . As digestibility is inversely related to cellulose and lignin content (Rohweder et al. 1978) , this trait is likely to contribute to aridity resistance (Stebbins 1981 , Coughenour 1985 (Orians and Solbrig 1977) and also under heavy grazing (Milchunas et al. 1988 , Stowe et al. 2000 , We did not find an effect of grazing history on plant height, which is at odds with previous studies which showed a decrease in plant height even with a short history of grazing (Detling and Painter 1983 , Jaramillo et al. 1988 , Painter et al. 1993 . The larger height of plants from semiarid sites was contrary to our prediction 2.c (Table 1) and is an uneven result to that of Adler et al. (2004) . In our study, the differentiation in plant height might have been a consequence of the selection exerted by the high solar radiation and soil temperatures of semiarid sites (e.g., much higher than those recorded in the Patagonian and Colorado steppes studied by Adler et al. [2004] 
